FURY: A REMOTE UNDERGROUND STORAGE TANK | NSPECTI ON AND
ASSESSMVENT SYSTEM

Charles P. Marsh, CECER-FL-M (217) 373-6764
Vi ncent F. Hock, CECER-FL-M (217) 373-6753
Amer Si ddi que

EXECUTI VE SUMVARY

Nationwide it is estimated that there are over 300, 000
metal lic Underground Storage Tanks (USTs). Near the end of
1998, Federal regulations (40 CFR 280) will require that al
of these tanks be brought into regulatory conpliance to
avoi d environnmental contam nation. Replacing all existing
USTs woul d be prohibitively expensive. One allowed
alternative is to retrofit existing USTs with cathodic
protection for continued use. However, there is need for
nore cost-effective and reliable condition assessnent
met hods for USTs in order to support better inforned
managenent deci si ons.

To nmeet this need a renote robotic UST condition
i nspection/ assessnent system naned “Fury” is being devel oped
and is currently undergoing field testing and validati on.
Fury enters the UST through an existing riser (4-inch
di aneter mninmum or manway and navi gates using magnetically
coupl ed wheels to access virtually all of the end cap and
cylindrical wall area. A sensor sled takes multiple
(approxi mately 90,000 per hour) ultrasonic thickness
measurenents while in notion and relays the readi ngs al ong
Wi th position information to a conputer. |In its final form
Fury is intended for imrersion into fuel while filling the
head space with a protective blanket of inert gas, thus
allow ng no interruption of normal operations.

In addition to providing a non-destructive eval uation
tool which offers considerably nore pertinent quantitative
data conpared to existing assessnent technol ogies, a Fury
UST inspection will also be significantly faster. An
equal ly inportant benefit is the avoi dance of the expense
and danger associated wth confined space entry.

Fury is being devel oped by the U S. Arnmy Construction
Engi neeri ng Research Laboratories (USACERL) in conjunction
wi th RedZone Robotics, Inc., of Pittsburgh, PA. The effort
is being funded by the Small Business |Innovation Research
Program (SBIR), the Environnmental Security Technol ogy
Certification Program (ESTCP) and the Arny Petrol eum Center.



| NTRODUCT! ON

According to Federal |aw 40 CFR 280 and 281, in order
to mnimze environnental contam nation, all existing steel
USTs nmust be upgraded to one of the allowed alternatives not
| ater than 22 Decenber 1998 [1]. |In addition to
removal /repl acenent and cl osure, these alternatives include
the option of upgrading with cathodic protection. For USTs
whi ch are 10 years or older it is required that the tank
first pass a precision tightness test to assure that there
is no current |eakage. Subsequently, an assessnment of the
tank’s integrity is required prior to upgrade. Currently
avai |l abl e nethods for assessnent of tank integrity are
expensi ve, tine consum ng, provide a w de range of
reliability, and often involve the hazard associated with
confined space entry. The Fury robot, however, does not
require human entry for inspection and provi des many
mul tiple direct and quantitative neasurenents of the single
nost i nportant aspect of UST integrity—+emaining wall
t hi ckness.

External pitting is by far the nost preval ent form of
corrosion responsible for UST perforations. One study
exam ned 500 steel USTs inmmediately after excavation [2] and
anot her anal yzed test data from 1,635 steel USTs [3]. It
was determ ned fromboth studies that external pitting
corrosion was the cause of perforation at |east 70-80% of
the time. Further, internal corrosion, weld failure, or
seamfailure each lead to |l ess than 10% of the perforations.
Wth Fury' s capabilities, in situ measurenments are made of
the wall thickness, which | end thenselves imedi ately to
statistical analysis of the tank’s current condition and
suitability for upgrade. Furthernore, having direct wall
t hi ckness neasurenents serves to inprove the accuracy of
existing UST life prediction nodels.

The Fury robotic system (Figure 1) consists of a
steerable tractor with an attached neasurenent sled. The
tractor has permanently magneti zed wheel s which enabl e the
robot to adhere to the tank wall in all orientations while
moving in either the forward or backward direction. Means
have been provided to all ow novenent onto and off of the
tank end caps whil e various bunp sensors assist the operator
i n navigation and obstacl e avoi dance. The neasurenent sled
consists of an ultrasonic thickness transducer flanked by
surface preparation and cl eaning devices | ocated on both
sides of the sensor. During neasurenents a hydraulic system
is used to press the neasurenent sled against the tank wall
whil e a continuous supply of ultrasonic transducer coupl ant
is supplied. The entire robot fits through a 4-inch
di anet er openi ng and can nake approximately 30 wal |
t hi ckness neasurenents per second.



PROCEDURES AND RESULTS

In order to validate and denonstrate the capabilities
of the robotic system older USTs at both Ft. Lee, VA and
Hunter Arny Air Field, GA were assessed for their current
condition and suitability for upgrade with cathodic
protection. The Ft. Lee tank, being schedul ed for renoval,
was used to initially test Fury. Various capabilities of
the Fury systemwere validated. |In addition to an
i nspection in accordance with ASTM ES40-94 [4], a nunber of
performance capabilities were docunented on videotape. This
included a real tine video feed frominside the tank to an
outside nonitor. The capabilities docunented incl uded:
entry/exit through a riser pipe, adherence to the inner tank
wall in all orientations, novenent in the forward and
reverse directions, obstacle sensing and avoi dance,
traversal of lap joints, transitions to and from endcap
wal | s, navigational accuracy, surface cleaning and
ul trasoni c thickness neasurenents. After the tank was
renmoved a third party inspection was perforned by MR, Inc.
i n accordance with procedures devel oped by the EPA [5]. The
detail ed and systematic inspection included a visual record,
an ultrasoni c thickness survey, wall thickness neasurenents
with a through-wall mcronmeter, and pit depth nmeasurenents
made with a pit gauge or a depth mcroneter

At Hunter Armmy Air Field another denonstration of the
Fury robotic systemwas perfornmed. Three USTs of 50, 000
gal . capacity were assessed according to ASTM ES40-94. The
information acquired will be used to make better infornmed
managenent deci sions regardi ng whether the tank shoul d be
upgraded or replaced. The full replacenent of 30 tanks at
Hunt er had been estimated at $10M |If sonme or all of these
tanks can be upgraded then a significant cost will be
avoi ded.

A full ASTM ES40-94 assessnent al so includes historic
i nformation, operational procedures, and various structural
corrosion potential and soil chem stry neasurenents. These
procedures were perforned in accordance with the standard.
However, for the purposes of this paper only the wall
t hi ckness data obtained with the Fury robot will be
addr essed.

Sel ected Validation Results fromFt. Lee

One of the nost critical conparisons was that of the
Fury’s in-situ ultrasonic thickness neasurenents to other
reference nmethods. Three 5x5 square grids with 10 cm
spaci ng were | ocated near the center bottom one
approxi mately one half the distance to the end cap near the



bottom and one on one end cap. These test grids were

mar ked out with wax pencil and stanp markers. Each

measur enent | ocation was circled using a vibrating engraver
and a robot tenplate positioner. The tenplate was used to
assure that in-situ conparison neasurenents with a hand held
ul trasoni c thickness gauge were taken fromexactly the sane
position. Both the robot sensor and the hand hel d thickness
gauge were calibrated on the sane calibration step bl ock
before and after each group of neasurenents. After the tank
was renoved the grids were cut out of the tank, sectioned,
and the sane neasurenents were perfornmed using a standard
mechani cal m croneter capable of an accuracy of 1/1000 of an
inch. The in-situ Fury and | aboratory m croneter
measurenents are shown in Figures 1 through 3.
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Figure 1. Bottom M ddle Mechanical vs. Fury
Thi ckness Measur enent
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Figure 2. Bottom Quarter Mechanical vs. Fury
Thi ckness Measur enent
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Figure 3. End Cap Mechanical vs. Fury Thi ckness Measurenent

Laboratory analysis of the three 5x5 grid pattern
readi ngs were perforned in accordance with ASTM 46 [6]. In
addition, MR, Inc. performed independent ultrasonic
measurenents on a different grid systemin accordance with
an EPA procedure for the field evaluation of USTs. The
conpari son of the nmeasurenents are given in Table 1. It is
worth noting that the external hand-held ultrasonic



measurenents taken by MR, Inc. are alnost identical to
those called for by the National Leak Prevention
Association’s (NLPA) standard 631 and, consi dered al one,
were i nadequate to determne the tank’s condition. |In fact,
no neasurenent indicating a remaining wall thickness |ess

t han 50% of the original value was found.

One of the nmain advantages of the Fury robotic system
isits ability to rapidly take data while in notion
Virtually all of the data taken at Ft. Lee was during the
| ast day of a week-long effort after a nunber of other
val idation tasks had been conpleted. Table 2 shows the
results of a statistical analysis for the full data set as
separated into tank wall and end caps (which typically have
a larger initial wall thickness). The Fury data can be
di spl ayed in a nunber of ways. Wth position coordinates
associated wth each neasurenent the positions of the
t hi nnest nmeasurenents can be displayed. Figure 4 shows the
four thinnest ranges of neasurenent for the curved tank wall
(di splayed as if viewed from above and opened to each side
froma longitudinal top seam). A feature along a |ower
ci rcunference, approximately eight feet fromthe southern
end cap, is evident. This feature was visually confirned
after the tank was renoved. One possible explanation is
that during installation a lifting strap caused sone initial
coati ng danage which over tine |lead to preferenti al
corrosive attack of that area.

Table 1. Statistical Conparison of Ft. Lee
Thi ckness Data Sets

Met hod | Position | valid mean | mn(in) | max(in) std
n (in) dev(in)
Fury wal | 111952 | 0. 255 0.071 0. 543 0. 033
Robot
M cro- wal | 50 0. 247 0. 232 0. 262 0.012
net er
Utra- wal | 77 0. 245 0. 222 0.274 0.012
sound*

Fury far end 3683 0. 324 0. 251 0. 485 0. 0100
Robot cap

Fury near end 18 0.234 0.071 0. 441 0.124
Robot cap

M cro- end cap 207 0. 322 0. 316 0. 327 0. 003
nmet er

Utra- North 9 0. 325 0. 318 0.331 . 005
sound* end cap
Utra- Sout h 9 0. 322 0. 312 0. 328 0. 006

sound* end cap




*= MRl ultrasonic tank thickness measurenents

# = five sanples were rendered unusable by the cutting
torch

n= nunber of data points

mean = average thickness of section

mn m ni mrum t hi ckness neasured in section

max maxi mrum t hi ckness neasured in section

std. dev = standard deviation fromthe mean thickness

Table 2. Statistical Analysis of Conplete
Ft. Lee Data Set

Position | valid n | nmean(in) m n(in) max( 1 n) std
dev(in)
wal | 111952 0. 2549 0.0707 0. 5426 0. 0333
far end 3683 0. 3244 0. 2508 0. 4845 0. 0100
cap
near end 18 0. 2336 0. 0707 0. 4412 0.1243
cap
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Figure 4. Location Distribution of 1000
Thi nnest Wall Thi ckness Measurements

Val idation and Results at Hunter Arny Airfield

Fury collected in excess of 940,000 neasurenents from
three USTs at Hunter Arnmy Airfield. Each of the tanks were
selected fromthree separate punp stations, each consisting
of a bank of 10 tanks. Measurenents on the bottom one-
third were enphasi zed in order to provide a conservative
assessnment. Table 3 sunmarizes the results obtained after
correction for an internal epoxy coating. The data was then
sorted according to thickness. Table 4 shows the results of
an anal ysis of the 500 thinnest neasurenents. Hi stograns
showi ng the nunber of neasurenments w thin successive ranges
of wall thickness are shown in Figures 5 - 10. Tanks 3 and
4 appear to be in pretty good shape while Tank 5 clearly
shows a | arge nunber of observations at the |ower thickness
ranges. Taken together with the findings fromthe other
procedures detailed in ASTM ES40-94 tanks 3 and 4 are
consi dered suitable for upgrade while tank 5 is not.

From a corrosion engi neering viewooint, the character
of the wall thickness histograns is intriguing. It may be
that as a tank undergoes the accumul at ed damage of corrosive
degradation, the condition represented by Figures 6 and 8
evol ves nore toward a condition represented by Figure 10.
The statistics of these so called “extrene values” (e.g.,
the thinnest nmeasurenents) is currently being exam ned. The
potential benefits include a further inprovenment in know ng
a tank’s condition, with either an equal or |esser anount of
data, as well as a greater understanding of the degradation
process itself.



Tabl e 3. Descriptive Analysis of Hunter
Airfield Data Set
Tank Valid n | mean(in) m n(in) max( 1 n) std.
dev(in)
3 463408 0. 38945 0. 07096 0. 56196 0. 03232
4 321919 0. 37601 0. 07563 0. 58053 0. 03305
5 157183 0. 36974 0.07034 0.57284 0. 06551
Tabl e 4. 500 Thi nnest Data Points at Hunter
Arnmy Airfield
Tank mean( 1 n) m n(in) max( 1 n) std.
dev(in)
3 0. 12664 0. 07096 0. 14700 0. 02270
4 0. 13498 0.07563 0. 14973 0. 01299
5 0.07252 0.07034 0.07614 0. 00164
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Figure 5. Thickness Distribution in Tank 3
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Figure 6. Thickness Distribution Region Cin Tank 3 (Figure 5)
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Figure 7. Tank 4 Thickness Distribution
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Figure 8. Region C Thickness Distribution in Tank 4 (Figure 7)
Y

4

il
S

Figure 9. Tank 5 Thickness Distribution
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Figure 10. Region C Thickness Distribution Tank 5, (Figure 9)
CONCLUSI ON

A renote robotic UST inspection and condition
assessnent system has been both validated and denonstrat ed
at two separate sites, on a total of four tanks. Virtually
all the capabilities of the systemwere verified and
docunented. In terns of the rate of wall thickness data
acquisition, Fury is at least a thousand tines faster when
conpared to current nmethods. A major benefit is the ability
to inspect a tank wi thout requiring human entry. The
results obtained fromthe Hunter AAF inspections are
representative of how Fury can be used as a tool in order
for owners to make better informed decisions about UST
managenent. In addition, it will also allow tank owners to
nmore cost effectively conply with federal, state and | ocal
requirenents prior to the 1998 deadline and beyond.
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